Locating defects in CFRP composite materials is a hot topic in nondestructive inspection (NDI). Beside classical NDI technique, such as ultrasound testing (UT), contactless techniques are actively studied. Generally manufacturers of CFRP structure incorporate artificial defects in the bulk, with different extents and depths, in order to study the performance of a specific NDI technique to detect the defect. One of the most common defects in CFRP is delamination between two layers. This is simulated by inserting teflon sheets which, like air, acts as ultrasound blocker in UT. When such reference part is used to assess NDI performance of thermography or shearography, we only observe respectively the thermal or mechanical response of teflon with respect to external loading used with these techniques. In this work, we assess other possibilities for artificial defects in CFRP matrix. For that a CFRP structure was developed and which incorporates teflon, flat-bottom holes and delamination obtained by the pull-out method. We experimentally studied the signals and we discuss the difference between the various artificial defects methods.
INTRODUCTION
For controlling the integrity of many industrial products of industry, nondestructive inspection (NDI) techniques are used in order to detect defects at different stages of the product life-cycle. In the field of aeronautic industry, composite materials made of layers of carbon fiber in resin epoxy (carbon fiber reinforce polymers, CFRP) are widely used. Therefore there is a huge effort in finding the best NDI techniques and strategies to locate and quantitatively assess defect parameters, to decide if the defect is critical or not. The effort in assessing performances of NDI techniques is based on reference sample parts made of CFRP with artificial defects which are certified under international norms. The state-of-art technique which is used to perform NDI nowadays is ultrasound test (UT) [1] . This range of technique generally works on a single point emitter/detector in direct contact with inspected parts, or through coupling medium (e.g. water tank) and requires scanning. Some alternative exist with multi-element UT probes. In the pulse-echo UT method, a pulsed ultrasound wave is generated at the surface of the inspected part, it travels inside the structure and is reflected either on the back side of the part, or on any feature inside the structure, like defects. When it returns at the surface, we detect the so-called echo. The echo can be compared to the initial pulse to determine both attenuation of the signal and time interval. Using both allows one to determine density variations, distance to defect, etc... In the case of CFRP materials, one of the important defects to detect is delamination that occurs between layers. This can appear during production or after an impact during life-cycle. The lateral extent and depth need to be assessed by NDI process. In the case of UT, such internal void will block the ultrasound wave, resulting in a well differentiated echo response compared to the surrounding sound area. In order to assess such type of defects, artificial defects have been developed and by aeronautical industries and which have the same behavior that true delamination with respect to UT. These artificial defects are generally made of teflon sheets inserted between layers of CFRP. In order to assess performances of NDI techniques, teflon inserts of various sizes, shapes are placed at different depths of the CFRP laminate. Other alternative artificial defects are also used to reproduce the effect of delamination in UT: the flat bottom holes and the pull-out. In the former method, a hole is drilled at different depths with respect to the back side of the sample. In the latter, a metallic sheet is inserted at the edge of the sample before the CFRP curing process. Once the laminate manufacturing process is completed, these metallic sheets are simply pulled out of the matrix.
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The temporal Figure 8(d) ) c and characterized. In order to assess the performances of NDI techniques with respect to such delamination, reference composite structures with artificial defects are provided by aeronautical industries. These artificial defects certified for usual NDI techniques, such as ultrasound test (UT): they are made by teflon inserts, flat-bottom holes or pull-outs. They all show the same response when inspected through UT. Often the same reference structures are proposed to assess performances of other NDI techniques such as active thermography and shearography. However in these cases, one observes, respectively, the thermal or mechanical response to these artificial defects to a specific load (generally heating).
In this paper we have used such UT reference composite structure with typical thermography and shearography setup and standard test protocol. In a preliminary UT experiment, we have seen no differences between the 3 types of artificial defects. However we show that thermography and shearography give different responses between the different defects.
Moreover the defects show a clear differentiated behavior between thermography and shearography. For example, the teflon inserts show a stronger deformation compared to air gap based defect (flat-bottom holes and pull-outs).
We have analyzed also the temporal evolution of the signals at the defect and observed that these can be used also to discriminate the different types of defects and could be used as identifier for defect type and depth. Further work and investigation will lead toward quantitative comparison of both the techniques.
The major conclusion of this paper is that it is difficult, even inappropriate, to use CFRP matrix with artificial defects (like those shown here) for assessing the capabilities of thermography or shearography to detect delamination in CFRP laminates. Such reference matrices should be kept for assessing the performances of UT NDI, for which they constitute a certified approach. For assessing the performances of thermography or shearography in detection of delamination, we recommend that new artificial defects approaches are used, dedicated specifically for these techniques.
